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Effect of Kinesio tape and Compression GEE

sleeves on delayed onset of muscle soreness:
a single-blinded randomized controlled trial
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Abstract

Background Both Kinesio Tape (KT) and Compression Sleeves (CS) can relieve Delayed Onset Muscle Soreness
(DOMS) to a certain extent, but there is no study report on the difference in the effectiveness of the KT and CS
whether the effect is better when used at the same time. The purpose of this study was to compare the effects of KT
and CS on the recovery of muscle soreness, isokinetic strength, and body fatigue after DOMS.

Methods In this single-blinded randomized controlled trial, 32 participants aged 18 to 24 years were randomly
divided into Control group (CG), Compression Sleeves group (CSG), Kinesio Tape group (KTG), Compression Sleeves
and Kinesio Tape group (CSKTG), between October 2021 and January 2022. KTG uses Kinesio Tape, CSG wears Com-
pression Sleeves, and CSKTG uses both Compression Sleeves and Kinesio Tape. Outcomes were performed at five-
time points (baseline, 0 h, 24 h, 48 h, 72 h), Primary outcome was pain level Visual Analogue Scale (VAS), and Second-
ary outcomes were Interleukin 6, Peak Torque/Body Weight, Work Fatigue. Statistical analyses were performed using
the repeated measures analysis of variance method. Setting: Laboratory.

Results After the intervention, VAS reached the highest at 24 h after exercise-induced muscle soreness, while the KTG
and CSG at each time point were less than CG, and the scores of CSKTG at 24 h and 48 h were less than those of KTG
and CSG in the same period (P <0.05). Interleukin 6, at 24 h, CSKTG is lower than KTG 0.71(95%Cl: 0.43 to 1.86) and CG
1.68(95%Cl: 0.06 to 3.29). Peak Torque/Body Weight, at 24 h, CG was lower than CSKTG 0.99(95%Cl: 0.42 to 1.56), KTG
0.94(95%Cl: 0.37 to 1.52), and CSG 0.72(95%Cl: 0.14 to 1.29); at 72 h, CG was lower than CSKTG 0.65(95%Cl: 0.13to 1.17)
and KTG 0.58(95%C/: 0.06 to 1.10). Work Fatigue, at 24 h, CG was lower than KTG 0.10(95%Cl: 0.02 to 1.78) and CSKTG
0.01(95%Cl: -0.07 t0 0.09). At 48 h, CG was lower than KTG 0.10(95%C/: 0.13 to 1.17) and CSKTG 0.11(95%C/: 0.03 to 0.18).

Conclusions Kinesio Tape can significantly reduce DOMS pain, and Kinesio Tape has a better recovery effect on
Delayed Onset Muscle Soreness than Compression Sleeves. Kinesio Tape combined with Compression Sleeves is help-
ful to alleviate the Delayed Onset Muscle Soreness pain, speeding up the recovery of muscle strength, and shortening
the recovery time after Delayed Onset Muscle Soreness.

Trial registration Registration number: This study was also registered on 11/10/2021, at the Chinese Clinical Trial
Registry (ChiCTR2100051973).
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Introduction

Delayed onset muscle soreness (DOMS) is typical ultra-
structural muscle damage, which usually occurs after
unaccustomed or high-intensity eccentric muscle con-
traction [1]. The symptoms strengthen in 12-24 h after
exercise, reach a peak within 24-72 h, and gradually
reduce within 5-7 days after exercise [2, 3]. DOMS can
result from unaccustomed eccentric training. DOMS
usually occurs after an increase in the intensity or volume
of training or when the schedule of exercises is altered or
a new one is implemented. Exercise intensity and dura-
tion are also important factors in clinical symptoms of
DOMS including reduced muscle strength, restricted
movement, pain, mild tenderness, stiffness, swelling, and
adjacent joint dysfunction [4, 5].

Although DOMS is considered to be a mild injury, it is
one of the most common causes of impaired exercise per-
formance, and it has a high incidence [6]. Competition
and training can induce repeated eccentric contractions,
which may lead to muscle damage (i.e. destruction of
structural proteins in muscle fibers and/or connective tis-
sue), subsequent tissue inflammation, increased DOMS,
and perceived fatigue. The observed changes in the blood
concentration of interleukin-6 (IL-6), the inflammatory
biomarker of muscle injury after exercise, is related to the
occurrence of DOMS and skeletal muscle recovery [7]. In
the past decades, many hypotheses have been proposed
to explain the etiology of DOMS. Although the exact
pathophysiological pathway is unclear, the main mecha-
nism is the ultrastructural damage of muscle cells caused
by eccentric exercise, which leads to further protein deg-
radation, apoptosis, and local inflammatory response.
The development of clinical symptoms is usually delayed
due to the complex sequence of local and systemic physi-
ological reactions [8]. Therefore, it is particularly impor-
tant to better alleviate muscle pain, swelling, limited
activity, and adjacent joint dysfunction after exercise, and
prevent DOMS. Previous research has proposed many
interventions in an attempt to mitigate the side effects
associated with this type of exercise. Such as neuromus-
cular electrical stimulation [9], cold therapy [10], foam
rolling [11], massage [12], etc. However, there is still no
gold standard for the treatment of DOMS.

Kinesio tape (KT) is an ultra-thin breathable tape with
excellent elasticity, which is used to treat sports inju-
ries and many other diseases. It was first invented by Dr.
Kenso Kase of Japan in 1973. Its name comes from kine-
siology, which takes the prefix of the English word as the
name “Kinesio tape”. At present, it is widely used in the
fields of skeletal muscle limitation and sports injury [13,
14]. The main function of KT is to support injured mus-
cles and joints, enhance muscle strength, improve muscle
function, inhibit muscle tension, and help mitigate pain
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by improving skin and blood, and lymph flow [15]. It can
mitigate abnormal muscle tension, relax soft tissue or
promote soft tissue functional activities, and help restore
fascia and muscle function [16—19].

With the rapid development of science and technology
and the increasingly mature sports training level, high-
tech sports equipment plays an important role in the
field of leisure and public fitness as well as intense com-
petition. In recent years, compression equipment (Pres-
sure suits, pressure socks, tights, compression sleeves,
etc.) with its unique technology, wide application, and
its unique effect, has gradually been favored by domestic
and foreign athletes and fitness [20, 21]. Recently years, as
a form of compression equipment, Compression Sleeves
(CS) have been a hot spot in the research of sports medi-
cine and biomechanics. CS mainly produces an exter-
nal pressure gradient, reduces swelling space, improves
venous reflux, reduces venous pool, and enhances metab-
olite clearance, which may be due to enhancing muscle
pump function and reducing secondary inflammatory
response [22-24]. CS is becoming increasingly popular
among athletes because of its ability to improve athletic
performance, reduce symptoms and risk of injury, and
facilitate athletic recovery [21, 25]. Some studies have
reported that CS can promote the recovery of DOMS,
especially muscle pain, injury, and inflammation after
exercise, mainly related to CS compression [23, 26, 27].
Diego et al. found that when football players wear full-leg
compression suits or compression sleeves, inflammation
and perceptual reactions indicate that oppression can be
an interesting strategy to promote physiological and psy-
chological recovery [28]. A meta-analysis by Freddy et al.
showed that compression garments most effectively pro-
moted recovery of the resistance movement, especially
24 h after exercise [29]. Goto et al. conducted 70% 1RM
resistance training for 9 well-trained men and found that
pressure clothing can promote strength recovery, and
reduce muscle soreness and tissue edema [30]. Kraemer
et al. conducted two groups of 50 times/group of passive
arm bending exercises (eccentric stage) for 20 healthy
women without resistance training experience. They
found that compression sleeves can effectively reduce
the serum creatine kinase concentration after eccentric
training, reduce muscle soreness and promote strength
recovery [31]. At present, although the knowledge of
the physiological and biochemical effects of wearing CS
is not enough, the positive ideas related to tight-fitting
equipment have led to an increase in the use of CS in
sports.

From the literature review, we found that KT and CS
have similar mechanisms of action, which have great sig-
nificance in reducing DOMS and avoiding further dam-
age. However, there is not a simple and effective method
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to prevent or eliminate DOMS at present. Although the
above two methods can alleviate DOMS to a certain
extent, there is no literature to report the differences
between the two methods and how it is better to use
the two methods at the same time. Combined with the
occurrence characteristics of DOMS, this study designed
an innovative experiment and analyzed the treatment
effect based on quantitative data, to explore which of KT
and CS after DOMS can better promote the recovery of
muscle soreness, and physical function (Isokinetic mus-
cle strength, Fatigue index).

Study aim and hypothesis

The aim was to compare the effects of KT and CS on the
recovery of muscle soreness, isokinetic strength, and
body fatigue after DOMS. At the same time, it is hoped
that this study can provide guidance and help for clini-
cians and researchers to prevent DOMS during exercise.

H1

Compared with the control group, the combined use of
KT and CS is better than the single use of KT and CS in
preventing or reducing DOMS.

H2

Compared with the control group, the combination of
KT and CS could reduce DOMS by reducing inflamma-
tion and factors such as muscle damage and pain.

Methods

Study design

This study was conducted between October 2021 and
December 2021. This was a single-blinded randomized
controlled study. The study protocol follows the Con-
solidated Standards of Reporting Trials (CONSORT)
statement on randomized trials of non-pharmacological
treatment [32]. This study was approved by the Ethics
Committee of the Chengdu Sport University (No. 2021—
48) and the participants provided informed consent. This
study was also registered on 11/10/2021, at the Chinese
Clinical Trial Registry (ChiCTR2100051973), http://
www.chictr.org.cn/showproj.aspx?proj=65929.

Sample size

There is no relevant comparative experimental research
before, so we did not use data from the literature to cal-
culate the sample size. Based on the previous pilot exper-
iment, the main outcome measurement index VAS was
used to estimate the sample size, assuming that the effect
size was 0.4, using the G*Power3.1 sample size calcula-
tion software, and following the calculation method of
the F test repeated measurement analysis of variance
between groups, set the group as 4 groups, the number of
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repeated measurements as 5 times, set the effect size as
0.25, the significance level P=0.05, POWER =0.95. Thus,
the total sample size was calculated to be 32 participants.
To compensate for the 10% dropout rate, a total of 36
participants was recruited.

Randomization and blinding

All participants meeting inclusion criteria were selected
and allocated into four groups by using the computer-
generated random sequence (simple randomization) and
set in a sealed envelope before baseline assessment. The
therapist will communicate the grouping assigned to the
participants. Due to the nature of the intervention, it is
not possible to blind either the therapist or the partici-
pant. Evaluators unaware of the group assignment will
perform outcome measurements at all time points. Data
entry and statistical analysis will be performed without
knowledge of the interventions. The random plan was
only known to the project leader. Consistent with the
Declaration of Helsinki, all participants provided signed
written informed consent.

Participants

Inclusion criteria: Male, aged 18-24, with a history of
irregular exercise; Do not participate in other sports
activities 2 weeks before and during the test; Height
range: 165 c¢m-180 cm, weight range: 60 kg-80 kg;
Healthy, free from cardiovascular diseases, muscle dam-
age and pain, and neurological diseases; Voluntarily par-
ticipated in the study without any discomfort and sign
informed consent.

Exclusion criteria were: Participants who are taking
drugs; Participants with musculoskeletal injury of lower
limbs within 6 months; The presence of any medical con-
dition which has been recommended by the doctor to
prevent participation in sports; Participants who have
muscle aches or chronic pain symptoms; Loss of sensa-
tion or numbness of upper and lower limbs; Participants
with chest pain, dyspnea, or feeling uncomfortable dur-
ing exercise; Any history of cardiovascular disease, lung
disease, heart disease, cardiopulmonary insufficiency,
and other vital organ insufficiencies; Major diseases or
congenital diseases.

Group allocation and assessment

All participants were equally divided into the Control
group (CG), the Compression sleeves group (CSG), the
Kinesio tape group (KTG), and the Compression sleeves
and Kinesio tape group (CSKTG) by a random digital
table with each card placed in a brown opaque envelope.
Each group had 8 participants, and participants were
assessed in a separate room before and after the interven-
tion. The study flowchart is shown in Fig. 1.


http://www.chictr.org.cn/showproj.aspx?proj=65929
http://www.chictr.org.cn/showproj.aspx?proj=65929

Xue et al. BMC Musculoskeletal Disorders (2023) 24:392

Page 4 of 15

== CONSORT

A, 1 TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

Enrollment

Assessed for eligibility (n=36 )

Excluded (n=4)

Not meeting inclusion criteria (n=3)
Declined to participate (n= 1)

Randomized (n=32)

Allocation

A4 v

A4 A 4

Allocated to CG (n=38 ) Allocated to CSG (n=8)

Received allocated
intervention (n=8 )

Received allocated
intervention (n=8 )

Allocated to KTG (n=8 ) Allocated to CSKTG (n=8 )

Received allocated
intervention (n=8 )

Received allocated
intervention (n=8 )

Follow-Up

A4 A 4

v A4

Lost to follow-up (give
reasons) (n=0)

Lost to follow-up (give
reasons) (n=0)

Discontinued intervention
(give reasons) (n=0)

Discontinued intervention
(give reasons) (n=10)

Lost to follow-up (give
reasons) (n=0)

Lost to follow-up (give
reasons) (n=0)

Discontinued intervention
(give reasons) (n=10)

Discontinued intervention
(give reasons) (n=10)

Analysis
A 4

A4

Analysed (n=8)
Excluded from analysis
(give reasons) (n=0)

Analysed (n=8)
Excluded from analysis
(give reasons) (n=0)

Analysed (n=38)
Excluded from analysis
(give reasons) (n=0)

Analysed (n=38)
Excluded from analysis
give reasons) (n=0)

Fig. 1 Flowchart of the study. Participants'flow through the study based on the Consolidated Standards of Reporting Trials (CONSORT) flow
diagram. A total of 36 participants were recruited in this study, of which 1 refused to participate in this experimental study, 3 did not meet the

inclusion criteria, and finally, 32 participants were included

Intervention methods and measures

All participants perform an exercise-induced muscle
damage model after the baseline measurement. Com-
bined with the previous exercise-induced muscle dam-
age methods, participants will continuously perform 5
groups of 20 drop jumps from a 0.6 m high box, with an
interval of 10 s. The rest time between the two groups
was 2 min [33]. The participants showed muscle sore-
ness, stiffness, decreased muscle strength, and muscle
dysfunction 24 h after the modeling was used as the basis
for judging the success of the exercise modeling. In the
process of modeling, the control group did not carry out
other additional interventions except modeling, CSG

wore Compression sleeves, KTG applied Kinesio tape,
and CSKTG used both Compression sleeves and Kine-
sio tape. The intervention site is the laboratory of the
Institute of Sports Medicine and Health, Chengdu Sport
University. All results will be collected at baseline, imme-
diately after modeling, 24 h, 48 h, and 72 h. The IL-6
index was only tested 48 h after modeling.

The specific intervention measures of the four groups
were (1) The Control group no other intervention except
modeling; (2) The Compression sleeves group wears
the selected brand of lower limb Compression sleeves
(Brand: LP, Model: LP-272Z, Origin: Taiwan Province,
China) before modeling, which was suitable for people
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with a dimension of the knee joint of 36.0-40.0 cm and
a dimension of the middle leg of 35.0-38.0 cm. To avoid
affecting the test results due to the difference in the leg
circumference of the subjects, the dimension of the
knee joint and calf circumference of the subjects were
measured before the start of the test to ensure the suc-
cessful completion of the test. The wearing of Compres-
sion sleeves is shown in Fig. 2 (A); (3) The participants
of the Kinesio tape group took the sitting position, kept
the knee joints of both lower limbs bent at 90°, and stuck
on the skin surface of the rectus femoris, lateral femoral
muscle, and medial femoral muscle of both thighs. Kine-
sio tape was 5 cm X 25 cm, manufactured by KT (USA).
The pasting shape was “I’; with the natural tension (110%
of the original length). The classic Kase relaxation past-
ing method and facilitation technology are adopted to
paste from the starting point to the endpoint [34]. Cut
three KT with a width of 5 cm and a length of 20 cm.
The starting point of the patch was the tibial tuberos-
ity. The three Kinesio tapes span the knee joint upward
and end at the distal end of the medial femoral muscle,
rectus femoris muscle, and lateral femoral muscle of the
thigh respectively. There was no tension at both ends of
the patch. The sticking demonstration is shown in Fig. 2
(B); (4) Compression sleeves and Kinesio tape group
stuck according to the Kinesio tape group’s standard, and
then put on tight equipment for the test. Specific wear is
shown in Fig. 2 (C).

Outcome measures

The outcomes were measured baseline, immediately after
modeling, 24 h, 48 h, and 72 h. Blood outcomes will not
be tested after 48 h of modeling. The outcome measures
will be as follows.

The primary outcome was muscle pain intensity as
measured by the Visual Analogue Scale (VAS). Each VAS
will consist of a 100 mm horizontal line with the text ‘no
pain’ at the 0 mm mark and ‘worst pain imaginable’ at the

(A)
Fig. 2 Interventions for the groups in the experimental group. The wearing of Compression sleeves is shown in (A); The sticking Kinesio tape

is shown in (B); Compression sleeves and Kinesio tape group stick stuck according to the Kinesio tape group’s standard, and then put on tight
equipment for the test. Specific wear is shown in (C)
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100 mm mark. Participants marked pain levels on the
lines according to how they felt.

The secondary outcomes were: (1) The biomark-
ers of peripheral muscle fatigue were used to deeply
understand the fatigue mechanism during exercise to
detect abnormal fatigue or defective metabolic path-
ways. Inflammatory factor Interleukin 6 (IL-6) is one
of the most commonly used biochemical outcomes to
judge muscle fatigue [35]. Blood biochemical outcomes:
IL-6, IL-6 is a cytokine, a protein produced by immune
cells acting on other cells, which helps to regulate and
promote an immune response. It can also stimulate the
production of acutely related reactants, and increase
the blood concentration in case of inflammation or tis-
sue injury [36, 37]. The IL-6 kit was purchased from
Lilai Biotechnology Co., Ltd., and 3 ml of fasting venous
blood was taken from the subject, placed for more than
30 min, and then placed in a multi-tube rack automatic
centrifuge at 2500 rpm for 7 min. Plasma was extracted
with a pipette, divided into EP tubes and numbered,
and stored in a -70 °C freezer for testing, and enzyme-
linked immunosorbent assay (ELISA) was used to detect
the concentration of IL-6 in the plasma of participants.
(2) Isokinetic muscle strength test of the knee joint: The
Con-Trex isokinetic muscle strength test system made
in Germany was used to test the subjects’ knee joint
for 60°/s extension 20 times, in which the relative peak
torque index was the average value of the first five data.
The subjects took the sitting position and fixed the trunk
and hip joints with wide straps. The knee extension mode
was selected, and the joint range of motion was 85°. Mus-
cle strength outcome: Peak Torque to body weight ratio
(PT/BW); Work Fatigue (WF): this index is the ratio of
the last 1/3 of work done for the first 1/3 of work done
in the isokinetic muscle strength test. The closer the WF
value is to 1, the better the strength and endurance level
of the joint muscle group. At the same time, we will also
evaluate the safety of KT and CS.

(B) ©
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Statistical analysis

The data were analyzed by SPSS 22.0 software (IBM Cor-
poration, USA). The general count data of the four groups
were compared by one-way ANOVA. VAS, IL-6, PT/BW,
and WF were all continuous variables, and the analysis
of student residuals and Shapiro Wilk test accorded with
the test hypothesis. Therefore, the repeated measures
analysis of variance method was used to statistically ana-
lyze the data in each group before and immediately after
modeling, 24 h, 48 h, and 72 h, and evaluate the time and
interaction between groups, as well as the main utility
of time and groups. After Mauchly’s spherical test of the
data, the results that do not meet the spherical hypoth-
esis were corrected by epsilon. When the intervention
measures interact with time factors, the separate effects
of time and groups need to be analyzed respectively; The
group independent effect was compared with the index
differences between the groups at five different time
points by multivariate analysis of variance, and the case
of uneven variance after Levene’s homogeneity test was
analyzed by Welch analysis of variance; Single-factor
repeated measures analysis of variance was used to ana-
lyze the differences of time factors in different groups,
and Bonferroni method was used for pairwise compari-
son. When there is no interaction between intervention
measures and time factors, the main effects of time and
groups need to be analyzed and further compared. The
significance level was P<0.05.

Results

Participants Information

A total of 36 participants was recruited in this study, of
which 1 refused to participate in this experimental study,
3 did not meet the inclusion criteria, and finally, 32 par-
ticipants were included. All 32 participants completed
the intervention and evaluation of the results in this
experiment. The basic information of the participants in
the trial is shown in Table 1, Shapiro Wilk test showed
that the data in each group obeyed normal distribution
(P>0.05), there was no significant difference between the
four groups in age, height, weight, dimension of the knee
joint, and the dimension of the middle leg. 32 healthy
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non-sports major male college students with no regular
exercise training were recruited from the Chengdu Sport
University.

Safety assessment

CS, KT, and CSKT groups showed no adverse reactions
such as skin allergic reaction, skin surface strain, skin lig-
ature, and compression discomfort.

VAS value

The overall analysis of the VAS value

Shapiro Wilk test showed that the data in each group
obeyed normal distribution (P>0.05). There was a
significant difference in the group’s main effect F
(3,21)=60.667, p=0.000, the group had a significant
impact on the overall VAS value; The main effect of the
time factor on the VAS value of each group was statisti-
cally significant F (4,28) =126.664, p=0.000, the overall
intervention time had a significant impact on VAS value.
Due to the influence of group factors on VAS value being
statistically significant, the pairwise comparison showed
P<0.001 compared with CG and CSG; Compared with
KTG, P=0.001; CG compared with CSKTG, P<0.001;
Compared with CSKTG, P=0.002. Due to the statistical
significance of the influence of the time factor on VAS
value, the pairwise comparison showed that BL com-
pared with 0 h, P<0.001; BL compared with 24 h after
the intervention, P<0.001; BL compared with 48 h after
the intervention, P<0.001; BL compared with 72 h after
the intervention, P=0.002; Compared with 24 h after
the intervention, P<0.001; Compared with 48 h after
the intervention, P<0.001; 24 h after intervention and
48 h after the intervention, P=0.040; Compared with
24 h after intervention and 72 h after the intervention,
P<0.001; 48 h after the intervention compared with 72 h
after the intervention, P=0.001 (Table 2).

VAS value was analyzed between groups

0 h: The differences between CSG, KTG, and CSKTG
were statistically significant compared with the CG
(P=0.043), (P=0.015) (P=0.001); 24 h: The differences
of CSG, KTG, and CSKTG were statistically significant

Table 1 Comparisons of the demographic features of the participants at baseline

CG CSG KTG CSKTG P
Mean +SD Mean +SD Mean +SD Mean +SD
Age (years) 19.75+1.75 19.75+1.67 19.50+1.07 20.00+2.00 0.055
Height (cm) 173.38+6.14 173.75+5.88 173.38+4.27 173.50+2.98 0.440
Weight (kg) 67.88+6.79 66.88+5.08 67.75+8.07 67.00+4.47 0.310
Dimension of the knee joint (cm) 3784+ 156 37.56+1.02 38.16+1.36 3783+1.21 0.211
Dimension of the middle leg (cm) 36.70+1.37 37.24+093 37.03+1.04 36.84+1.14 0.590
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Table 2 Overall analysis of VAS, IL-6, PT/BW, WF at different time points in the four groups
Time VAS (X £ 5) IL-6(X +£ 5) PT/BW(X =+ s) WF(X + s)
CcG BL 0+0 244+044 290+023 0.88+0.05
0h 1.25+0.46 351+£048 2354046 0.80+0.03
24 h 4.00+0.76 6.81+138 1.74+0.52 0.70+0.06
48 h 3.13+£035 525+0.96 215+£0.55 0.73+£0.05
72h 200+053 2.34+048 0.76 £0.04
CSG BL 0+0 251+064 251+064 0.87+0.06
Oh 050+053 356034 3.00+0.16 0.81+£0.006
24 h 225+0.71 591+068 257041 0.75+0.06
48h 1.50+0.53 525+096 268+032 0.80+£0.06
72h 0.88+0.64 - 283+0.19 0.82+0.06
KTG BL 0+0 239+035 3.01+030 0.86+0.07
0h 0.38+052 3564034 2.72+036 0.83+0.06
24 h 1.75+£0.71 585+041 269+0.36 0.80+0.06
48 h 1.13+£035 4.38+0.50 2.75+£0.38 0.82+0.06
72h 038052 - 292+030 0.83+0.07
CSKTG BL 0+0 240+062 295+0.50 0.86+0.06
0h 0.13+£035 323029 273052 0.82+0.05
24 h 0.75+0.46 5.14+031 273+040 081005
48 h 0.38+0.52 360055 283050 0.84+0.06
72h 0.13+£035 3.00+£047 0.85+0.05
Overall analysis Huynh-Feldt 0.794 0.537 0373 0.258
Comparison between groups Fp 60.667 0.000* 9.862 0.000* 3.257 0.060 2371 0.099
Comparison between time Fp 126.664 0.000* 1726379 0.000* 40448 0.000* 102.153 0.000*
P for interaction Fp 12,602 0.000" 3478 0002* 5184 0.000* 8596 0.002*

BL Baseline, 0 h Immediately after intervention; 24 h: 24 h; 48 h: 48 h; 72 h: 72 h
" : Two factors repeated measures ANOVA time main effect. p <0.05

#: Interaction of two factors repeated measure ANOVA. p <0.05

compared with the CG (P<0.001); CSKTG compared
with CSG, (P=0.001); CSKTG compared with KTG,
(P=0.028); 48 h: The differences of CSG, KTG, and
CSKTG were statistically significant compared with CG
(P<0.001); CSKTG compared with CSG, (P=0.004);
CSKTG compared with KTG, (P=0.023); 72 h: The dif-
ferences of CSG, KTG, and CSKTG were statistically
significant compared with CG (P=0.001), (P<0.001),
(P<0.001); CSKTG compared with CSG, (P=0.036)
(Table 3, Fig. 3).

IL-6 value

The overall analysis of the IL-6 value

Shapiro Wilk test showed that the data of each group
obeyed normal distribution (P>0.05). There was a sig-
nificant difference in the main effect between groups, F
(3,21)=243.137, P=0.000, the overall grouping had a
significant impact on the value of IL-6; The main effect
of the time factor on the value of IL-6 in each group
was statistically significant, F (3,21)=9.862, P=0.000,
the overall intervention time had a significant impact

on the value of IL-6. Due to the influence of group fac-
tors on IL-6 value being statistically significant, the pair-
wise comparison shows that the mean difference of IL-6
between CSG and CG is 1.00, P<0.001; The mean differ-
ence of IL-6 between KTG and CG was 3.49, P<0.001;
The mean difference of IL-6 between CSKTG and CG
was 2.04, P<0.001; The mean difference of IL-6 between
CSG and KTG was 2.49, P<0.001; Compared with
CSKTG, the mean difference of IL-6 was 1.04, P<0.001;
Compared with CSKTG, the mean difference of IL-6 was
1.46, P<0.001. Due to the influence of the time factor on
IL-6 value being statistically significant, the two compari-
sons show that the mean difference between BL and 48 h
after the intervention is 0.91, P=0.037; The mean differ-
ence between 0 and 48 h after the intervention was 0.58,
P=0.004 (Table 2).

IL-6 value was analyzed between groups

There was no significant difference in the average content
of IL-6 between BL and 0 h; 24 h: The average content
of IL-6 in CSKTG decreased by 1.68 compared with CG
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Table 3 Comparative analysis among groups of VAS, IL-6, PT/BW, WF
Overall CGvs CSG CG vs KTG CG vs CSKTG CSG vs KTG CSG vs CSKTG KTG vs CSKTG
F p P P P P P P
VAS Oh 9343 0001 0.043" 0015 0001 0.963 0.387 0.680
24h 33.133 0001 0001 0001 0001 0453 0001 0028
48h 62.620 0.001" 0.001" 0.001™ 0.001" 0387 0.004" 0.023"
72h 20311 0001 0001 0001 0001 0.244 0036 0.774
IL-6 BL 0.09 0.964
Oh 1519 0.231
24 h 8.169 0.002%* 0392 0.301 0.042% 0.996 0.063 0.009%*
48h 9482 0.001%* 0.266 0.045* 0.001%* 0.798 0011* 0.089
PT/BW BL 0.302 0823
Oh 1294 0.296
24h 9447 0.001%* 0.010* 0.001%* 0.001%* 0.710 0.570 0.996
48h 3712 0.023* 0.109 0.059 0.027* 0.991 0914 0.985
72h 4761 0.008** 0.073 0.024* 0.010* 0.959 0.828 0.984
WF BL 0.234 0.872
Oh 0518 0.674
24 h 5551 0.004** 0.257 0.012% 0.006%* 0476 0315 0.990
48h 5933 0.003** 0.082 0.012% 0.003** 0.839 0.535 0.952
72h 3713 0.023%* 0.139 0.089 0.019* 0.996 0.799 0.902

BL Baseline, 0 h Immediately after intervention; 24 h: 24 h; 48 h: 48 h; 72 h: 72 h
*: P<0.05 for comparison between groups

**: P<0.01 for comparison between groups

(P=0.042); Compared with KTG, the average content
of IL-6 in CSKTG decreased by 0.71 (P=0.009); 48 h:
The average content of IL-6 in KTG decreased by 0.88
compared with CG (P=0.045); Compared with CG, the
average content of IL-6 in CSKTG decreased by 1.65
(P=0.012); Compared with CSG, the average content of
IL-6 in CSKTG decreased by 1.06 (P=0.011) (Table 3,
Fig. 4).

PT/BW value

The overall analysis of PT/BW value

Shapiro Wilk test showed that the data of each group
obeyed normal distribution (P>0.05). The main effect
of the time factor on PT/BW value in each group was
statistically significant. F (4,28)=40.448, P=0.000, the
overall intervention time had a significant impact on PT/
BW value. Due to the influence of the time factor on PT/
BW value has statistical significance, the two compari-
son shows that the mean difference between BL and 0 h
is 0.37, P<0.001; The mean difference between BL and
24 h after the intervention was 0.56, P<0.001; The mean
difference between BL and 48 h after the intervention
was 0.36, P=0.001; The mean difference between BL and
72 h after the intervention was 0.19, P=0.028; The mean
difference between 0 and 72 h after the intervention
was 0.18, P=0.040; The mean difference between 24 h

after intervention and 72 h after the intervention was
0.36, P=0.003; The mean difference between 48 h after
intervention and 72 h after the intervention was 0.17,
P=0.012 (Table 2).

PT/BW value was analyzed between groups

There was no significant difference in the average content
of PT/BW between BL and 0 h; 24 h: Tukey test showed
that compared with CG, the PT/BW of CSG decreased
by 0.72 on average (P=0.010); Compared with CG, PT/
BW of KTG decreased by 0.94 on average (P=0.001);
Compared with CG, the PT/BW of CSKTG decreased by
0.99 on average (P<0.001); 48 h: Tukey test showed that
the PT/BW of CSKTG increased by 0.67 on average com-
pared with CG (P=0.027); Compared with KTG, the PT/
BW of CSKTG increased by 0.71 on average (P=0.009);
72 h: Tukey test showed that PT/BW of KTG increased
by 0.58 on average compared with CG (P=0.024); Com-
pared with CG, the PT/BW of CSKTG increased by 0.65
on average (P=0.010) (Table 3, Fig. 5).

WF value

The overall analysis of the WF value

Shapiro Wilk test showed that the data of each group
obeyed normal distribution (P>0.05). There was no sig-
nificant difference in the main effect between groups,
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F (3,21)=2.142, P=0.099, the overall grouping had
no significant effect on the WF value; The main effect
of the time factor on the TW value in each group was
statistically significant, F (4,28) =18.879, P<0.001, the
overall intervention time had a significant impact on
WF value. Due to the influence of the time factor on
WF time being statistically significant, the two com-
parisons show that the mean difference between BL
and 0 h is 0.06, P<0.001; The mean difference between
BL and 24 h after the intervention was 0.11, P<0.001;
The difference between the mean of 48 h after inter-
vention and BL<0.001 was P<0.001; The mean differ-
ence between BL and 72 h after the intervention was
0.05, P<0.001; The mean difference between 0 and
24 h after the intervention was 0.05, P<0.001; The
mean difference between 0 and 48 h after the interven-
tion was 0.02, P=0.042; The mean difference between
24 h after intervention and 48 h after the intervention

was 0.03, P=0.004; The mean difference between 24 h
after intervention and 72 h after the intervention was
0.05, P=0.002; The mean difference between 48 h after
intervention and 72 h after the intervention was 0.02,
P=0.005 (Table 2).

WF value were analyzed between groups

There was no significant difference in WF between BL
and 0 h intervention groups. 24 h: The mean difference
in WF value between KTG and CG was 0.10 (P=0.012);
The mean difference in WF value between CSKTG and
CG was 0.11, (P=0.006); 48 h: The mean difference of
WE value between KTG and CG was 0.10 (P=0.012);
The mean difference of WF value between CSKTG and
CG was 0.11, (P=0.003); 72 h: The mean difference of
WF value between CSKTG and CG was 0.09 (P=0.019)
(Table 3, Fig. 6).
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Discussion

The purpose of this study is to reveal the effect of KT
and CS on DOMS. The main hypothesis was that KT
combined with CS can alleviate DOMS by reducing
inflammation, muscle damage, and fatigue. Through our
research, this hypothesis was partially supported. Our
main findings were shown as follows: (1) Compared with
the control group, after using KT and CS, the pain score,
fatigue index and occurrence degree of DOMS of lower
limb muscles were significantly reduced after exercise
immediately; (2) Compared with baseline, IL-6 and PT/
BW value recovered faster after KT and CS were used
together.

Pain is a multi-dimensional experience and a promi-
nent feature of many musculoskeletal diseases. Accurate
and reliable measurement is the premise of effective
treatment. Although pain is subjective, it is a highly rel-
evant complaint. Visual Analog Scale (VAS) is a quan-
titative assessment tool for pain, which can guide the
determination of the impact of pain on the body [38].
Pain is mainly caused by harmful stimuli. Although the
pain will cause discomfort, it also can stimulate a defen-
sive protective response and thus serve as a warning of

injury [39, 40]. It can be seen from the result analysis
that compared with the CG, after using CS, KT, or CS
combined with KT, the occurrence degree of DOMS
and pain decreased and showed a decreasing trend. CG
has the most obvious pain in 24 h after exercise, and the
pain change range is the largest, indicating that DOMS
occurs most obviously without external protection. CS
combined with KT is superior to KT or CS alone in
alleviating pain. KT can increase muscle strength by
transmitting the tension that promotes alternating fas-
cia movement, promotes muscle activity, and improves
muscle strength at the same time [41]. Muscle soreness
limits muscle performance. However, KT can reduce
muscle soreness, which is consistent with previous
studies [42]. The hypothesis of the KT folding effect
can explain the results of this study to some extent. The
folds of the adhesive tape lift the skin of the local tis-
sues and increase the space below [43]. The blood and
lymph circulation accelerate to enter the local tissues
so that more anti-inflammatory factors can penetrate
the lesions and accelerate the inflammatory reaction.
In addition, studies have found that inflammation and
inflammatory reactions can cause pain, and IL-6 can



Xue et al. BMC Musculoskeletal Disorders

(2023) 24:392

#
T " |
4_ r 1
"o
4
N
£
z
=
]
=
o
1 I I
BL Oh 24h
time (h)
(a)
4-

PT/BW(Nm/kg)

lelh
time (h)
(c)

T
48h

72h

3 CG
E3 CSG
e KTG
E CSKTG

= CG
EE CSG
= KTG
E=3 CSKTG

Page 11 of 15

= CG

o~ B8 CSG
E = KTG
= E3 CSKTG
=

o

[

o

BL oh 24h 48h 72h
time (h)
(b)
=1 CG

—~ EA CSG
<

E =H KTG
=z E3 CSKTG
=

o

[

o

24h 48h 72h

time (h)
(d)

BL Oh

Fig. 5 Comparison of PT/BW value between-groups and within-groups. (a), (b), (c) and (d) were the comparison of PT/BW value between-groups
and within-groups in CG, CSG, KTG and CSKTG groups. *: Pairwise comparison between-groups P'< 0.05. * Pairwise comparison within-groups

P'<0.05

0.0-=

£ CG
B8 CSG
= KTG
E=2 CSKTG

T
BL

T T
Oh 24h

time (h)

72h

T
48h

Fig. 6 Comparison of WF value between-groups and within-groups. *: Pairwise comparison between-groups P'< 0.05. *: Pairwise comparison

within-groups P'<0.05

inhibit proinflammatory cytokines and mitigate neuro-

pathic pain.

Zeynep et al. concluded that KT intervention can
reduce the muscle soreness of the quadriceps femoris in

fifty-four nonathletic volunteers [44]. Rafael et al. found
that KT significantly attenuated the effects of acute
lumbar muscle soreness experienced by athletes during
cross-country skiing practice [45]. Therefore, this study



Xue et al. BMC Musculoskeletal Disorders (2023) 24:392

speculates that KT attached to the thigh muscle acts as
a continuous analgesic stimulation, which can increase
the participation of skin receptors and can attribute to
the interaction between skin receptors and the pain path-
way. CS can reduce the delayed onset of upper and lower
limb muscle soreness (DOMS), relieve muscle swing,
improve joint mobility, reduce oxygen consumption dur-
ing sub-extreme exercise, change local blood flow and
clearance of protein or metabolites, alleviate swelling and
muscle soreness in the recovery period [29]. The pain of
DOMS will not be weakened as the increase of trans-
mission distance, which indicates that the whole muscle
tissue produces the same pain, the key painful parts are
not obvious. The reason why CS combined with KT has
a better effect on DOMS prevention and pain mitigation
is that they have a superposition effect, which can reduce
the degree of pain and accelerate the recovery of pain.

The development of muscle damage caused by DOMS
is a process of increasing pain and body load. Therefore,
participants should pay attention to the recovery process
of physical fatigue and DOMS. After the occurrence of
DOMS, the subjects were asked to rest for a while and
reduce the amount of exercise when the pain reaches
the maximum value to avoid the aggravation of pain
and the development of tissue injury into muscle dam-
age. It can be seen from the increase of VAS in different
intervention groups 24 h after exercise. After using CS,
KT, or CS combined with KT, the occurrence degree of
DOMS and pain showed a decreasing trend, indicating
that these additional measures played a protective role in
DOMS and prevented the occurrence and development
of DOMS.

IL-6 is a cytokine related to exercise. It is involved in a
complex series of biological reactions in the body, often
playing a role in inflammation, immune response, and
bone metabolism. At the same time, it is also a strong
inflammatory response factor that causes pain and can be
used as one of the important outcomes of the inflamma-
tory response [46—48]. The mechanism of inducing IL-6
production is different in muscle contraction and mus-
cle tissue injury and inflammation. After muscle damage
exercise, muscle tissue injury caused by high-intensity
eccentric contraction will promote the infiltration of
inflammatory cells [49-51]. The current research shows
that the contracted skeletal muscle of the body produces
and releases a large amount of IL-6 during exercise [52].
Takuji et al’s research on the role of neutrophil dynam-
ics and function in exercise-induced muscle injury and
delayed muscle soreness shows that plasma IL-6 is sig-
nificantly correlated with muscle pain (VAS score), and
peripheral blood neutrophil count and plasma IL-6
concentration significantly correlated with indirect
muscle damage markers [53]. Zhao et al. found in the

Page 12 of 15

comparative study on the therapeutic effect of different
cold treatment schemes on delayed muscle soreness that
IL-6 changes first after skeletal muscle micro-injury. IL-6
indicates delayed muscle soreness and should be sensitive
to prostaglandin-2. IL-6 is one of the most sensitive and
early outcomes related to muscle micro-injury [54].

Skeletal muscle damage is the main cause of IL-6
release caused by exercise. It is also related to exer-
cise stress, exercise intensity, heart rate during exercise,
adrenaline, and so on [55, 56], the results of this study
are the same. The use of CS, KT, or CS combined with
KT has a great impact on the level of IL-6 after vigor-
ous exercise. At 24 h after the intervention, the content
of IL-6 reached a peak. There was a significant difference
between CS combined with KT and single-use of KT or
CG, and there was no significant difference between CS
combined with KT and CS. It is suggested that the effect
of CS on reducing inflammatory factors may be slightly
better than KT. We speculate the possible reason is that
CS can improve muscle oxygen supply, alleviate DOMS,
reduce blood lactic acid concentration, and finally pro-
mote the clearance of metabolic end products, promote
the rapid reduction of inflammatory factors, and accel-
erate the regression of fatigue after heavy exercise. Due
to the large differences between different intervention
groups, the impact of these interventions on IL-6 levels
should also be carefully considered, and further research
should be conducted to provide additional evidence.

A large number of studies have shown that peak torque
is the expression of the maximum torque in the process
of joint flexion and extension, the embodiment of mus-
cle strength, and has good repeatability. It is regarded as
the gold standard and reference value of the isokinetic
test, while relative peak torque (PT/BW) is the percent-
age of peak torque in body weight, excluding the influ-
encing factors of body weight, which can be used to
compare the torque between different individuals. The
intergroup analysis found that compared with the CG,
the improvement of PT/BW by using CS, KT, or CS com-
bined with KT at 24 h after the intervention was statis-
tically significant. It shows that after the production of
DOMS, CS and KT can inhibit DOMS, to improve PT/
BW. The intragroup analysis found that the PT/BW of
CG decreased first and then increased after modeling. At
72 h, the upward trend still did not return to the mean
value before modeling. The reason for the above results
may be that once DOMS is produced, it will spread to the
whole muscle participating in the exercise. The degree
of muscle tissue damage is directly proportional to the
recovery time and inversely proportional to the exercise
ability. The more serious the injury is and the longer the
recovery time is, the weaker the exercise ability is, result-
ing in such a changing trend of PT/BW [57].
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WF is the main index to reflect the strength and
endurance of lower limb joint muscles. There is no
single cause of muscle fatigue. The main mechanism
is specific to those processes under pressure dur-
ing fatigue exercise. This concept is similar to the
principle of specificity [58]. How does fatigue affect
muscle function? By definition, once a muscle’s maxi-
mum strength or explosive power begins to decline,
it begins to feel tired. When the task involves main-
taining maximum shrinkage, the performance decline
is parallel to the increase in fatigue. However, when
the exercise task requires submaximal contraction,
the onset of fatigue may not be related to the termi-
nation of the exercise task. Since most activities of
daily living involve submaximal forces, the occurrence
of fatigue may not limit an individual’s ability to per-
form motor tasks. In addition, the failure to perform
motor tasks may be caused by the fatigue of the main
muscles involved in the task [59]. According to the test
results, under the protection of KT, the occurrence of
DOMS was delayed. For CG, after the occurrence of
DOMS, fatigue also exists, and the fatigue will gradu-
ally increase with the aggravation of DOMS.

According to research and analysis, when CS is used,
perceived fatigue is significantly reduced. Research
shows that wearing CS within 24 h after high-intensity
resistance training can significantly reduce perceived
fatigue [60]. The beneficial effects of KT and Cs on
DOMS and perceived fatigue may be that after pres-
sure is applied to the limbs, the space for swelling and
edema is reduced, resulting in less change in osmotic
pressure, which will reduce the diffusion of liquid in
the interstitial space and better venous reflux [42]. It
can be seen that KT and CS have better recovery abili-
ties for DOMS fatigue feeling, and have a wide applica-
tion space and prospect.

Limitations and advice

There are several limitations to the present study. First of
all, this study only tested the blood outcomes at 48 h but
did not analyze the blood outcomes for 72 h, which may
also have a certain impact on the reliability of the con-
clusion. Secondly, due to the difficulty in controlling the
amplitude and the height of the jump during the DOMS
modeling process, the effect after the jump may be incon-
sistent and the results may be biased. Thirdly, the sample
size of this study is relatively small. To increase the uni-
versality, it is necessary to expand the research partici-
pants, increase the sample size, and observe more deeply
the short-term and long-term effects and action mecha-
nisms of KT and CS application schemes.
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The mechanism of action of KT is to affect the tension
force of the skin and promote blood circulation through
the density difference of the patch when sticking. Reason-
able use can enhance the contractility of damaged mus-
cles, eliminate local pain, reduce muscle overstretching,
and reduce muscle fatigue and spasms. The function of
CS is to wrap the muscles, contract and gather the mus-
cle groups, and make the muscles more powerful. It can
provide good support for muscles, reduce muscle shak-
ing, and achieve local protection, provide stability. The
method adopted by CSKTG is to use CS combined with
KT. Since both CS and KT are elastic, KT plays a role in
direct contact with the skin. At this time, the position of
CS is applied on top of KT. Since the two methods are
superimposed, because of the CS cover, KT may it cannot
play a normal role. On the other hand, from the experi-
mental results, it can be seen that CS combined with KT
has a better effect on preventing DOMS, and the super-
imposed effect of the two is better than that of CS or KT
alone. It can be explained that there are similarities in the
working principles of KT and CS. At the same time, KT
may make CS more fit within a reasonable range and may
enhance the stability and effectiveness of CS. Therefore,
whether the application of CS on KT will limit the func-
tionality of KT needs further experiments to verify.

In this study, male participants without systematic
training were selected, in the later research, female
participants can be studied to test the reliability of the
results; It is suggested that KT and CS can be carried
out after DOMS caused by different sports in the future.
In addition, the mechanism of KT and CS to prevent
DOMS muscle damage needs to be further elucidated.

Conclusions

This study indicated that KT can significantly reduce
DOMS pain, and KT has a better recovery effect on
DOMS than CS. KT combined with CS can mitigate
DOMS pain, accelerates isokinetic muscle strength
recovery, and shorten the recovery time of the body
after DOMS, it also accelerates recovery from Peak
Torque/Body Weight and Work Fatigue. KT combined
with CS has a more obvious recovery effect on DOMS.

Acknowledgements

We would like to express our gratitude to the participants for their consent
and cooperation throughout the study. At the same time, we would like to
thank Dr. Cheng Liang for his suggestions on revising the manuscript.

Authors’ contributions

Xiali Xue conceived the study design and drafted the manuscript. Yuerong
Hao and Xinwei Yang supervised the material preparation and data collection.
Xiali Xue and Xiaolei Wu performed the statistical analysis and interpreted the
results. Xiali Xue, Yuerong Hao, Xinwei Yang, Chaoyang Zhang, Zhongyi Deng,
Jie Xu, Xiaolei Wu and Ning Li contributed to the revision. All authors read and
approved the final manuscript.



Xue et al. BMC Musculoskeletal Disorders (2023) 24:392

Funding

This study was supported by the Key Laboratory of Sports Medicine of
Sichuan Province, Institute of Sports Medicine and Health, Chengdu Sport
University (No. 2022-A014).

Availability of data and materials
The datasets used and analysed in this study are available from the corre-
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was registered in the Chinese Clinical Trial Registry
(ChiCTR2100051973). The date of registration was 11/10/2021. All methods
were performed in accordance with the relevant guidelines and regulations
of the Helsinki declaration and were approved by the Ethics Committee of
Chengdu Sport University. Written informed consent was obtained from each
participant.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'Institute of Sports Medicine and Health, Chengdu Sport University,

Chengdu 610041, Sichuan, China. 2School of Physical Education, Qingdao
University, Qingdao 266071, Shandong, China. *Department of Sports Medi-
cine, Sichuan Province Orthopedic Hospital, Chengdu 610041, Sichuan, China.
“Department of Rehabilitation Medicine, The Third Affiliated Hospital, Sun
Yat-Sen University, Guangzhou 510630, Guangdong, China.

Received: 15 December 2022 Accepted: 5 May 2023
Published online: 17 May 2023

References

1. Paratthakonkun C, Vimuttipong V, Nana A, Chaijenkij K, Soonthornworasiri
N, Arthan D. The Effects of Crocodile Blood Supplementation on Delayed-
Onset Muscle Soreness. Nutrients. 2021;13(7):2312.

2. Cheung K, Hume P, Maxwell L. Delayed onset muscle soreness : treatment
strategies and performance factors. Sports Med. 2003;33(2):145-64.

3. Mizumura K. Taguchi TJJoPS: delayed onset muscle soreness: Involvement
of neurotrophic factors. J Physiol Sci. 2016;66(1):43-52.

4. Heiss Rafael, Lutter Christoph, Freiwald Jirgen, Hoppe Matthias. Sport-
medizin CJSSODGFOT: advances in Delayed-Onset Muscle Soreness
(DOMS) - part lI: treatment and prevention. Sportverletz Sportschaden.
2019;33(1):21-9.

5. Tseng KW, Tseng WC, Lin MJ, Chen HL, Nosaka K, Chen TC. Protective
effect by maximal isometric contractions against maximal eccentric
exercise-induced muscle damage of the knee extensors. Res Sports Med.
2016,24(3):243-56.

6. Akehurst H, Grice JE, Angioi M, Morrissey D, Migliorini F, Maffulli N. Whole-
body vibration decreases delayed onset muscle soreness following
eccentric exercise in elite hockey players: a randomised controlled trial. J
Orthop Surg Res. 2021;16(1):589.

7. Dupuy O, Douzi W, Theurot D, Bosquet L, Dugué B. An Evidence-based
approach for choosing post-exercise recovery techniques to reduce
markers of muscle damage, soreness, fatigue, and inflammation: a sys-
tematic review with meta-analysis. Front Physiol. 2018;9:403.

8. Hotfiel T, Freiwald J, Hoppe M, Lutter C, Forst R, Grim C, Bloch W, Hittel
M, Heiss RJSS. Advances in Delayed-Onset Muscle Soreness (DOMS):
part i: pathogenesis and diagnostics. Sportverletz Sportschaden.
2018,;32(04):243-50.

9. Akinci B, ZenginlerYazgan Y, Altinoluk T. The effectiveness of three dif-
ferent recovery methods on blood lactate, acute muscle performance,
and delayed-onset muscle soreness: a randomized comparative study. J
Sports Med Phys Fitness. 2020;60(3):345-54.

20.

22.

23

24.

25.

26.

27.

28.

29.

30.

31

Page 14 of 15

Fonseca LB, Brito CJ, Silva RJ, Silva-Grigoletto ME, da Silva WMJ, Franchini
E. Use of cold-water immersion to reduce muscle damage and delayed-
onset muscle soreness and preserve muscle power in Jiu-Jitsu athletes. J
Athl Train. 2016;51(7):540-9.

. Pearcey GE, Bradbury-Squires DJ, Kawamoto JE, Drinkwater EJ, Behm DG,

Button DC. Foam rolling for delayed-onset muscle soreness and recovery
of dynamic performance measures. J Athl Train. 2015;50(1):5-13.
Kargarfard M, Lam ET, Shariat A, Shaw |, Shaw BS, Tamrin SB. Efficacy

of massage on muscle soreness, perceived recovery, physiological
restoration and physical performance in male bodybuilders. J Sports Sci.
2016;34(10):959-65.

Yeung SS, Yeung EW, Sakunkaruna Y, Mingsoongnern S, Hung WY, Fan
YL. lao HCJCJoSM: Acute effects of kinesio taping on knee extensor peak
torque and electromyographic activity after exhaustive isometric knee
extension in healthy young adults. Clin J Sport Med. 2015;25(3):284-90.
Ay S, Konak HE, Evcik D, Kibar S. The effectiveness of Kinesio Taping on
pain and disability in cervical myofascial pain syndrome. Rev Bras Reuma-
tol Engl Ed. 2017;57(2):93-9.

Williams S, Whatman C, Hume PA, Sheerin K. Kinesio taping in treatment
and prevention of sports injuries: a meta-analysis of the evidence for its
effectiveness. Sports Med. 2012;42(2):153-64.

Cai Z, Au |, An WW. Cheung RJJoS, Sport Mi: Facilitatory and inhibitory
effects of Kinesio tape: Fact or fad? J Sci Med Sport. 2016;19(2):109-12.
Ortiz-Ramirez J. Neurologia SP-DICJRD: Efficacy of the application of
kinesio tape in patients with stroke. Rev Neurol. 2017;64(4):175.

Donec V, Kubilius R. The effectiveness of Kinesio Taping(®) for mobility
and functioning improvement in knee osteoarthritis: a randomized,
double-blind, controlled trial. Clin Rehabil. 2020;34(7):877-89.

Szymura J, Maciejczyk M, Wiecek M, Maciejczyk G, Wiecha S, Ochalek

K, Kepinska M, Szygula Z. Effects of kinesio taping on anaerobic power
recovery after eccentric exercise. Res Sports Med. 2016;24(3):257-68.
Négyesi J, Hortobagyi T, Hill J, Granacher U, Nagatomi R. Can Compres-
sion garments reduce the deleterious effects of physical exercise on
muscle strength? A systematic review and meta-analyses. Sports Med.
2022;52(9):2159-75.

. Kerhervé HA, Samozino P, Descombe F, Pinay M, Millet GY, Pasqualini

M, Rupp T. Calf compression sleeves change biomechanics but not
performance and physiological responses in trail running. Front Physiol.
2017,8:247.

Davies V, Thompson KG, Cooper SM, Research C. The effects of compres-
sion garments on recovery. J Strength Cond Res. 2009;23(6):1786-94.
Ali A, Creasy RH, Edge JA. The effect of graduated compression stockings
on running performance. J Strength Cond Res. 2011;25(5):1385-92.
Sperlich B, Haegele M, Achtzehn S, Linville J, Holmberg HC, Mester J. Dif-
ferent types of compression clothing do not increase sub-maximal and
maximal endurance performance in well-trained athletes. J Sports Sci.
2010;28(6):609-14.

Otten R, Stam S, Langhout R, Weir A, Tak |. The effect of compression
shorts on pain and performance in male football players with groin
pain — A double blinded randomized controlled trial. Phys Ther Sport.
2019;38(1):87-95.

Engel FA, Holmberg HC, Sperlich B. Is there evidence that run-

ners can benefit from wearing compression clothing? Sports Med.
2016;46(12):1939-52.

Rider BC, Coughlin AM, Hew-Butler TD, Goslin BR. Effect of compression
stockings on physiological responses and running performance in divi-
sion [l collegiate cross-country runners during a maximal treadmill test. J
Strength Cond Res. 2014;28(6):1732-8.

Marqués-Jiménez D, Calleja-Gonzélez J, Arratibel-Imaz |, Delextrat A, Uri-
arte F, Terrados N. Influence of different types of compression garments
on exercise-induced muscle damage markers after a soccer match. Res
Sports Med. 2018;26(1):27-42.

Brown F, Gissane C, Howatson G, van Someren K, Pedlar C, Hill J. Com-
pression garments and recovery from exercise: a meta-analysis. Sports
Med. 2017;47(11):2245-67.

Goto K, Morishima T. Compression garment promotes muscular
strength recovery after resistance exercise. Med Sci Sports Exerc.
2014,46(12):2265-70.

Kraemer WJ, Bush JA, Wickham RB, Denegar CR, Gomez AL, Gotshalk

LA, Duncan ND, Volek JS, Putukian M, Sebastianelli WJ. Influence of



Xue et al. BMC Musculoskeletal Disorders (2023) 24:392

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45

46

47.

48.

49.

50

51

52.

53.

compression therapy on symptoms following soft tissue injury from
maximal eccentric exercise. J Orthop Sports Phys Ther. 2001;31(6):282-90.
Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomized trials. Ann Intern Med.
2010;152(11):726-32.

Goodall S, Howatson G. The effects of multiple cold water immersions on
indices of muscle damage. J Sports Sci Med. 2008;7(2):235-41.

Kocyigit F, Turkmen MB, Acar M, Guldane N, Kose T, Kuyucu E, Erdil M.
Kinesio taping or sham taping in knee osteoarthritis? A randomized,
double-blind, sham-controlled trial. Complement Ther Clin Pract.
2015;21(4):262-7.

Finsterer J. Biomarkers of peripheral muscle fatigue during exercise. BMC
Musculoskelet Disord. 2012;13:218.

McElvaney OJ, Curley GF, Rose-John S, McElvaney NG. Interleukin-6:
obstacles to targeting a complex cytokine in critical iliness. Lancet Respir
Med. 2021,9(6):643-54.

Unver N, McAllister F. IL-6 family cytokines: Key inflammatory mediators
as biomarkers and potential therapeutic targets. Cytokine Growth Factor
Rev.2018;41:10-7.

Mannion AF, Balagué F, Pellisé F, Cedraschi C. Pain measurement in
patients with low back pain. Nat Clin Pract Rheumatol. 2007;3(11):610-8.
Baliki MN, Apkarian AV. Nociception, Pain, Negative Moods, and Behavior
Selection. Neuron. 2015;87(3):474-91.

Julius D, Basbaum Al. Molecular mechanisms of nociception. Nature.
2001;413(6852):203-10.

Hsu YH, Chen WY, Lin HC, Wang WT, Shih YF. The effects of taping

on scapular kinematics and muscle performance in baseball players

with shoulder impingement syndrome. J Electromyography Kinesiol.
2009;19(6):1092-9.

Lin J, Guo ML, Wang H, Lin C, Xu G, Chen A, Chen S, Wang S. Effects of
Kinesio Tape on delayed onset muscle soreness: a systematic review and
meta-analysis. Biomed Res Int. 2021;2021:6692828.

Siu WS, Shih YF, Lin HC. Effects of Kinesio tape on supporting medial foot
arch in runners with functional flatfoot: a preliminary study. Res Sports
Med. 2020;28(2):168-80.

HazarKanik Z, Citaker S, Yilmaz Demirtas C, CelikBukan N, Celik B,
Gunaydin G. Effects of Kinesio taping on the relief of Delayed Onset
Muscle Soreness: a randomized placebo-controlled trial. J Sport Rehabil.
2019,28(8):781-6.

Merino-Marban R, Smuka I, Romero-Ramos O, Fernandez-Rodriguez

E, Mayorga-Vega D. Acute and 24 h effect of kinesio taping on lower
back muscle soreness during continued practice of cross-country skiing
among collegiate students. A double-blind, randomized, placebo-con-
trolled trial. J Sports Sci. 2021;39(21):2427-33.

Prill R, Schulz R, Michel S. Tissue flossing: a new short-term compression
therapy for reducing exercise-induced delayed-onset muscle soreness.

A randomized, controlled and double-blind pilot crossover trial. J Sports
Med Phys Fitness. 2019;59(5):861-7.

Kanda K, Sugama K, Hayashida H, Sakuma J, Kawakami Y, Miura S, Yosh-
joka H, MoriY, Suzuki K. Eccentric exercise-induced delayed-onset muscle
soreness and changes in markers of muscle damage and inflammation.
Exerc Immunol Rev. 2013;19:72-85.

Cheng L, Wang K, He B, Yan Y. Effect of vertical vibration stimulation at dif-
ferent frequencies on delayed muscle soreness in athletes: a randomized
trial. Front Public Health. 2022;10: 980454.

Song W, Yang Y. Effect of Kinesio taping on delayed-onset muscle sore-
ness in elite athletes. J Sports Med Phys Fitness. 2022;62(5):667-72.
Fielding RA, Manfredi TJ, Ding W, Fiatarone MA, Evans WJ, Cannon JG.
Acute phase response in exercise. lll. Neutrophil and IL-1 beta accumula-
tion in skeletal muscle. Am J Physiol. 1993;265(2):166-72.

Maclintyre DL, Sorichter S, Mair J, Berg A, McKenzie DC. Markers of inflam-
mation and myofibrillar proteins following eccentric exercise in humans.
Eur J Appl Physiol. 2001;84(3):180-6.

Steensberg A, Keller C, Starkie RL, Osada T, Febbraio MA, Pedersen BK.
IL-6 and TNF-alpha expression in, and release from, contracting human
skeletal muscle. Am J Physiol Endocrinol Metab. 2002;283(6):E1272-1278.
Kawamura T, Suzuki K, Takahashi M, Tomari M, Hara R, Gando Y, Muraoka
I. Involvement of Neutrophil Dynamics and Function in Exercise-Induced
Muscle Damage and Delayed-Onset Muscle Soreness: Effect of Hydrogen
Bath. Antioxidants (Basel). 2018;7(10):127.

Page 15 of 15

54. Chenyan Z, Xu M, Jianjun L, Dan Y, Cheng G, Shihe W, Yudong G. Com-
parison of different cold therapy programs on delayed-onset muscle
soreness. Chin JTissue Eng Res. 2017;21(24):6.

55. Miles MP, Pearson SD, Andring JM, Kidd JR, Volpe SL. Effect of carbohy-
drate intake during recovery from eccentric exercise on interleukin-6 and
muscle-damage markers. Int J Sport Nutr Exerc Metab. 2007;17(6):507-20.

56. Fischer CP, Hiscock NJ, Penkowa M, Basu S, Vessby B, Kallner A, Sjoberg LB,
Pedersen BK. Supplementation with vitamins C and E inhibits the release
of interleukin-6 from contracting human skeletal muscle. J Physiol.
2004;558(Pt 2):633-45.

57. Zeng C, Luo G, Xu S, Li Y. The application of DOMS mechanism
and prevention in physical education and training. J Healthc Eng.
2022;2022:9654919.

58. Cairns SP, Knicker AJ, Thompson MW, Sjegaard G. Evaluation of
models used to study neuromuscular fatigue. Exerc Sport Sci Rev.
2005;33(1):9-16.

59. Enoka RM, Duchateau J. Muscle fatigue: what, why and how it influences
muscle function. J Physiol. 2008;586(1):11-23.

60. Kraemer WJ, Flanagan SD, Comstock BA, Fragala MS, Earp JE, Dunn-Lewis
C, Ho JY, Thomas GA, Solomon-Hill G, Penwell ZR. Effects of a whole body
compression garment on markers of recovery after a heavy resistance
workout in men and women. J Strength Cond Res. 2010;24(3):804-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Effect of Kinesio tape and Compression sleeves on delayed onset of muscle soreness: a single-blinded randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Study aim and hypothesis
	H1
	H2


	Methods
	Study design
	Sample size
	Randomization and blinding
	Participants
	Group allocation and assessment
	Intervention methods and measures
	Outcome measures
	Statistical analysis

	Results
	Participants Information
	Safety assessment
	VAS value
	The overall analysis of the VAS value
	VAS value was analyzed between groups

	IL-6 value
	The overall analysis of the IL-6 value
	IL-6 value was analyzed between groups

	PTBW value
	The overall analysis of PTBW value
	PTBW value was analyzed between groups

	WF value
	The overall analysis of the WF value
	WF value were analyzed between groups


	Discussion
	Limitations and advice

	Conclusions
	Acknowledgements
	References


